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Introduction 

This r epor t  

1975. For these 

have received an 

covers t he  

s i x  months 

addi t iona l  

s i x  month period from June 1, 1975 t o  November 30, 

and the  following seven months (13 months t o t a l )  w e  

$6000 from NASA t o  continue our invest igat ion in i -  

t i a t e d  by t h i s  gran t  (NASA NSG-1021). 

l imited both i n  terms of support f o r  graduate a s s i s t a n t  and computer t i m e .  

Thus resources at our d isposa l  are r a t h e r  

It 

is ant ic ipated t h a t  t h e  Department of Mathematics and the  Computer Center of the  

Florida S ta t e  University would furnish us some l imi ted  computer time when the  re- 

sources of t h i s  grant  are depleted.  

Large sca l e  disturbances and subsonic jet  noise  generation 

The primary object ive of t h i s  invest igat ion is t o  conduct numerical experiments 

t o  see  i f  l a rge  sca l e  disturbances e x i s t  i n  a turbulen t  subsonic j e t  of moderate Fach 

number and possible  noise  rad ia t ion  associated with these flow s t ruc tures .  

following t h e  formulation of the  numerical experiment w i l l  be described in  some de- 

t a i l .  

t h a t  t h e  i n t ens i ty  of upstream disturbances a t  t h e  nozzle e x i t  can e a s i l y  be modified. 

This allows us the  capabi l i ty  of studying numerically the  effect of upstream d i s tu r -  

bances on j e t  noise generation with almost no bas i c  change i n  t h e  computation scheme. 

In  the 

A s  w i l l  be seen below one of the  added advantages of numerical experiments is  

One of the most severe cons t ra in ts  on present day l a rge  sca l e  computation is 

computer core s torage requirements. 

t he  number of  space dimensions t h a t  one had t o  d e a l  with i n  a pa r t i cu la r  problem. 

For the problem under consideration w e  w i l l  assume t h a t  there  is axisymmetry around 

the  axis of t he  jet .  That is  t o  say,  t h e  problem is regarded as independent of the  

azimuthal angle so t h a t  e f f ec t ive ly  w e  have a two dimensional problem. Experimen- 

t a l l y  large scale axisymmetric disturbances often i n  t h e  form of  to ro ida l  vo r t i ce s  

have been observed i n  low Mach number jets.  Hence the  axisyrnmetry assumption, al- 

though is somewhat r e s t r i c t i v e  and less general  than w e  would l i k e ,  does have some 

Because of t h i s ,  it is advantageous t o  reduce 
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experimental support and is not merely a device f o r  reducing one space dimension 

alone. 

The governing equations t o  be d e a l t  with i n  t h e  numerical computation are 

the  continuity , momentum and energy equations. If (r  ,8,d are the  coordinates 

of a cy l ind r i ca l  coordinate system with t h e  

j e t ,  these equations can be wri t ten as 

z axis  coinciding the  ax is  of the  

where 

( in t e rna l  energy) P 1 , e =  
u2 + v2 

‘rz - ‘rz + ‘rz 

E = rp (e  + 
P(Y-1) 

( t )  = viscous stress +- turbulent  shear stress - (VI 

In  t h e  energy equation, t h e  heat t r a n s f e r  rate and energy d iss ipa t ion  due t o  vis-  

cous effect have been neglected. The turbulent  shear stress rrz i n  the  momentum 

equations w i l l  be modelled according t o  the eddy v iscous i ty  concept, 

eddy viscousi ty  coef f ic ien t  w i l l  be employed. 

An empirical  

We would l i k e  t o  emphasis here t h a t  

w e  are  not solving the turbulence problem. Instead w e  are merely invest igat ing the 

nonlinear response of t h e  je t  and possible development of l a rge  scale disturbances 

of moderate flow Mach number. 

For numerical computation purpose the  above equations are somewhat d i f f i c u l t  

t o  be used as they are. T o  eliminate the  appearance of t h e  var iab le  r i n  almost 

every t e r m  of t he  equations it is advantageous t o  redef ine the  dependent var iables  

i n  terms of mass and momentum fluxes as follows: 

a! aE a g  - + -  + -  = H  a t  a r  a z  - 
where 
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We propose t o  solve t h i s  equation by the  Lax-Wendroff f i n i t e  differences scheme. 

The formulation of the ac tua l  f i n i t e  difference equations including t h e  coordinate 

transformation, boundary and r ad ia t ion  conditions t o  be described below is  being de- 

veloped a t  t h i s  t i m e .  It is  ant ic ipa ted  t h a t  t h i s  crucial  s t e p  w i l l  soon be com- 

pleted.  

Un l ike  most ana ly t i ca l  methods which have no d i f f i c u l t y  i n  extending the solu- 

t i o n  t o  i n f i n i t y ,  numerical computation inevi tably can only be car r ied  out  i n  a f i n i t e  

bounded region. The choice of t h i s  region ( the  shape of t he  region) and the boundary 

conditions prescribed on its perimeter are important f ac to r s  which w i l l  determine t h e  

success or f a i l u r e  of  the numerical scheme. 

the appropriate boundary condition is t o  requi re  t h e  r a d i a l  ve loc i ty  component t o  be 

zero there .  

t i v e l y  from axisymmetry consideration. A t  t h i s  j e t  nozzle e x i t  t h e  Z ve loc i ty  

congonent is prescribed. 

j e t  e x i t  ve loc i ty  and a t i m e  dependent component due t o  upstream turbulent  f luetua-  

t i ons .  A random number generator subroutine from the  computer l i b r a r y  w i l l  be used 

On the  a x i s  of the je t  (see f igure  1 )  

This condition can be deduced from the governing equations or a l te rna-  

This ve loc i ty  cons is t s  of two p a r t s ,  namely, t he  steady 

t o  simulate these unsteady f luc tua t ions .  

ha l f  a percent t o  4% of t h e  mean je t  e x i t  ve loc i ty  are believed t o  be t y p i c a l  of 

most je ts  used i n  laboratory experiments, and w i l l  be used i n  t h e  computation. 

Velocity f luc tua t ions  with a magnitude of 

On 
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t he  remaining portion of the boundary a rad ia t ion  condition w i l l  be prescribed. In 

other  words, only outgoing disturbances are allowed there .  

In a j e t  flow, large ve loc i ty  gradient e x i s t s  i n  the  mixing layers.  These re- 

gions are highly unstable. This shear  layer  i n s t a b i l i t y  is believed t o  be responsible 

f o r  the generation ( a t  least during the i n i t i a l  s tages  of development) of la rge  scale 

disturbances.  

f o r  t h i s  important region of the  j e t  f l o w .  

Therefore adequate reso lu t ion  must be provided i n  a computation scheme 

To do t h i s  w e  intend t o  adopt t he  follow- 

ing coordinate transformation from the  ( r , z )  plane t o  the  ( 6 , n )  plane, 

where a1,a2,B1 and B2 are constants. b (z )  is  the  ha l f  width of the j e t  mea- 

sur ing from the j e t  axis t o  the  ha l f  ve loc i ty  point.  This transformation magnifies 

the shear layer  region thus giving the  proper emphasis there .  The inverse t rans-  

formation is 

0 - a2 r = b(z)[ tan 
62 

1 t a n  - 
c1 

$1 

“2 + t a n  -1 
$2 

The computation w i l l  be car r ied  out i n  the 

250 x 50 points  w i l l  be used. 

but can e a s i l y  be found from the  inverse transformation. 

(z; ,q) plane. A rectangular gr id  of 

The corresponding physical plane is not rectangular 

In  going from the je t  f l o w  t o  the  acoust ic  f i e l d  there  is a subs t an t i a l  change 

i n  the  magnitude of t he  flow variables .  

computed var iables  could be a po ten t i a l  source of problems. 

the round-off errors i n  computing the j e t  f l o w  are no t  s m a l l  compared-to the  acous- 

This non-uniformity of t he  s i z e s  of the  

It is possible t h a t  

t i c  f i e l d  making the meaning of t h e  calculated noise  in t ens i ty  somewhat ambiguous. 

To avoid t h i s  problem w e  intend t o  separate  a large p a r t  of t he  mean flow from the 

ac tua l  computation, 

i n t eg ra l  procedwle. 

An appropriate mean flow p r o f i l e  w i l l  be determined using an 

In  our computation only the  difference between the  a c t u a l  flow 
J 
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and t h i s  approximate mean flow is being calculated.  

computed var iab les  would not  d i f f e r  too 

In  t h i s  way the  s i zes  of the 

grea t ly  i n  the whole so lu t ion  plane. 

The above consideration essent ia l ly-  completes the  formulation s tage of our 

numerical experiment. 

t r a t ed  i n  s e t t i n g  up the f i n i t e  difference equations and boundary conditions. 

w i l l  then be programmed and tes ted  i n  the  FSU CDC 6500 computer. 

l ieved t o  be one of the most t i m e  consuming pa r t  of the  pro jec t  i n  terms of man 

hours and t o  a ce r t a in  degree computer t i m e  as w e l l .  

During the next seven mbnths our e f f o r t s  w i l l  be concen- 

They 

This s t ep  is be- 
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